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Glass material used in, and fabrication method of, a plasma display panel 

Abstract 

An electrode substrate of an AC type plasma display panel has a major surface with electrically 
connected display electrodes formed thereon and defining a display portion of the substrate. An 
insulating layer, of a ZnO-containing glass material containing substantially no lead, is formed on 
and covers the display portion of the major surface. The display electrodes may be a film of a 
transparent electrically-conducted material or a multi-layer film combination of a transparent 
electrically-conducted film of a first width and a metal film of a second, narrower width. 
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Claims 



We claim: 

1. An AC type plasma display panel including a pair of substrates with respective major surfaces 
in opposed relationship and forming a discharge space therebetween and having, on at least one 
of the major surfaces, a plurality of display electrodes formed of a transparent electrically- 
conductive film or of a multiple layer film combination of a transparent electrically-conductive 
film of a first width and a metal film of a second, narrower width, and a dielectric layer covering, 
and separating, the display electrodes from the discharge space, characterized in that: 

said dielectric layer is formed of a ZnO-containing glass material containing substantially ho lead. 



2. A plasma display panel as recited in claim 1, characterized in that said dielectric layer is 
formed of a ZnO-containing glass material including an alkaline metal oxide. 

3. A plasma display panel as recited in claim 1, wherein said ZnO-containing glass material 
includes bismuth oxide. 

4. An AC type plasma display panel including a pair of substrates with respective major surfaces 
in opposed relationship and forming a discharge space therebetween and having, on at least one 
of the major surfaces, a plurality of display electrodes formed of a transparent electrically- 
conductive film or of a multiple layer film combination of a transparent electrically-conductive 
film of a first width and a metal film of a second, narrower width, and a dielectric layer covering, 
and separating, said display electrodes from said discharge space, characterized in that: 

said dielectric layer is a double layer glass structure having a lower layer contacting said display 
electrodes and an upper layer formed on the lower layer and not contacting said display 
electrodes; 

said lower layer is formed of a ZnO-containing glass material containing substantially no lead; 
and 

said upper layer is formed of a PbO-containing glass material having a softening temperature 
lower than that of said lower layer. 

5. A plasma display panel as recited in claim 4, characterized in that said ZnO-containing glass 
material includes bismuth oxide. 

6. A plasma display panel as recited in claim 4, wherein: 

a softening temperature of said lower layer material is in the range of from 550 to 600.degree. C; 
and 
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a softening temperature of said upper layer material is in the range of from 450 to 500.degree. C. 



7. An electrode substrate of an AC type plasma display panel, comprising: 

a plurality of display electrodes formed of a transparent electrically-conductive film or of a 
transparent electrically-conductive film of a first width and a metal film of a second, narrower 
width; and 

an insulating layer covering an entire length of each of said display electrodes, at least a portion 
of the insulating layer, contacting said transparent electrodes, being formed of a ZnO-containing 
glass material containing substantially no lead. 

8. A substrate of an AC type plasma display panel having a major surface on which electrically 
conductive display electrodes are formed, defining a display portion of the substrate, comprising: 

an insulating layer, of a ZnO-containing glass material containing substantially no lead, formed on 
and covering the display portion of the major surface. 

9. A substrate as recited in claim 8, further comprising: 

an upper layer on the insulating layer, formed of a PbO-containing glass material having a 
softening temperature lower than that of said insulating layer. 

10. A plasma display panel as recited in claim 9, wherein: 

a softening temperature of said lower layer material is in a range of from 550 to 600.degree. C; 
and 

a softening temperature of said upper layer material is in a range of from 450 to 500.degree. C. 

1 1. A plasma display panel as recited in claim 8, wherein said insulating layer is formed of a ZnO- 
containing glass material including an alkaline metal oxide. 

12. A plasma display panel as recited in claim 2, wherein said ZnO-containing glass material 
includes bismuth oxide. 

13. A plasma display panel as recited in claim 5, wherein: 

a softening temperature of said lower layer material is in the range of from 550 to 600.degree. C; 
and 

a softening temperature of said upper layer material is in the range of from 450 to 500.degree. C. 

Description 



FIELD OF THE INVENTION 

The present invention relates to an AC type surface-discharge plasma display panel, referred to 
hereinafter as a PDP, and its driving method. 

BACKGROUND TECHNOLOGY 
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PDPs are self-luminescent type display devices advantageous in the display brightness, and 
have been attracting attention as a display device for replacing CRTs, owing to their potentiality 
of large screen size and their high-speed displaying capability. Particularly, surface-discharge* 
type PDPs suitable for color displays employing fluorescent materials have been rapidly 
increasing their application areas in the field of television picture including the high definition 
television. 

FIG. 1 shows an exploded perspective view of a general surface-discharge type PDP, in which is 
shown a basic structure of a part which corresponds to a single picture element EG. The PDP 1 
shown in FIG. 1 is of a three-electrode structure called a reflection type in the classification of 
fluorescent materials arrangement, employing a pair of glass substrates 1 1 and 21; pairs of 
display electrodes X & Y provided thereon extending in the lateral direction in parallel adjacently 
to each other; a dielectric layer 17 for an AC drive which utilizes wall charges for a discharge; a 
protection film 18 formed of magnesium oxide (MgO); address electrodes A orthogonal to display 
electrodes X & Y; separator walls 29 which are like lines in parallel to address electrodes A when 
looked down; and fluorescent material layers 28 to display primary colors, red (R), green (G) and 
blue (B), respectively. 

Separator walls 29 divide an internal discharge space 30 into unit lighting-areas EU in the 
extending direction of display electrodes X & Y, and define the gap dimension. Fluorescent 
material layers 28 are provided between each separator wall on a glass substrate 21 opposite 
from display electrodes X & Y in order to avoid ion bombardment of the surface discharge, and 
emit a light by being excited by an ultra violet light generated in the surface discharge. A light 
emitted at the surface plane (a surface which faces the discharge space) penetrates dielectric 
layer 17 and glass substrate 1 1, etc. so as to radiate outwardly from display surface H. 

Display (electrodes X & Y being arranged on a display surface H which opposes fluorescent 
material layers 28 are formed of a wide and transparent electrode 41 and a narrow metal film (a 
bus electrode) 42 for supplementing the electrical conductivity, in order to perform the surface 
discharge in a wide area and to minimize the light shielding. Transparent electrode 41 is formed 
of metal oxide, such as ITO (indium oxide) and NESA (tin oxide). A typical example of this kind of 
AC type surface discharge PDP was disclosed in European Patent Application No. 0 554 172A1. 

For thus constituted PDP, its smoother surface plane is desirable in securing a uniform 
discharge characteristics and the transparency. 

Accordingly, dielectric layer 1 7 is generally formed of a single glass layer such that a low-melting 
temperature lead-glass (containing about 75% of PbO) having a melting temperature of, for 
example about 470.degree. C, is fired at a temperature 600.degree. C. adequately higher than its 
softening temperature. The high temperature firing at the temperature adequately higher than its 
softening temperature allows the glass material to flow during the firing so as to accomplish a 
glass layer having a flat surface. 

In driving PDPs, the equality of the electric potential status between display electrodes X & Y is 
deteriorated when the pulse widths of the driving pulses, applied to the display electrodes X & Y 
of each pair, are subtly imbalanced or when such a sequence is constantly employed that the 
number of the pulses applied to one of display electrodes is more than those to the other one. 
That is, a DC voltage of, for example, about 200 V of the same polarity comes to be applied 
thereto for a considerable period. On the other hand, the gap between display electrodes X & Y 
is as small as 100 .mu.m. And, the dielectric layer 17 to insulate them contains PbO as described 
above. It is estimated that the surface of dielectric layer 1 7 upon whose surface a discharge 
takes place becomes a considerably high temperature. Really, the glass surface reaches 
70.degree. C. Moreover, indium and tin included in the transparent electrodes are chemically 
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unstable, and also the copper of the metal electrodes are materials which easily penetrates into 
dielectric layer 17 so as to cause electro-migration. Combination of the electrode material, 
insulating material, the applied high electric field and the high temperature satisfies the condition 
to accelerate the electro-migration. 

A long term operation, under such a condition of the prior art structure causes the electro- 
migration of display electrodes X & Y to progress such that a tree-like spike is grown in 
dielectric layer 17, from transparent electrode film 41 of one of the display electrodes to 
transparent electrode film 41 of the other one of the display electrodes. Therefore, there was a 
problem in that the insulation resistance was locally decreased, whereby a unit lighting area EU 
that should not light erroneously lights. It is impossible to completely remove the imbalance of 
the applied voltages, which is the cause of the electro-migration. 

SUMMARY OF THE INVENTION 

The present invention is in consideration of such problems, and aims at a prevention of 
deterioration of the electrically conductive films, constituting display electrodes X & Y, so as to 
enhance the reliability of the display. 

In accomplishing the present invention the present inventors have searched for dielectric 
materials suitable to cover the above-described electrically conductive films. Consequently, it 
was found that an employment of a glass material containing ZnO allows a great reduction of the 
deterioration of electrically conductive films caused from the electro-migration. 

The PDP according to the present invention is an AC-type plasma display panel comprising: a 
plurality of display electrodes formed of a transparent electrically conductive film or a multiple- 
layer of a transparent electrically conductive film plus a metal film narrower than the transparent 
electrically conductive film at least upon one of the substrates; and a dielectric layer covering 
the above-described display electrodes from a discharge space, wherein the above-described 
dielectric layer is formed of a ZnO-containing glass material containing substantially no lead. 

Moreover, after the dielectric layer employing the ZnO-containing glass material is coated over 
the entirety of the whole display electrodes and a sealing process is completed, the dielectric 
layer that covers the ends of the display electrodes are removed. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a decomposition (i.e., exploded) perspective view of a general surface-discharge type 
PDP; 

FIG. 2 is a cross-sectional view illustrating a main portion of the structure of a PDP related to 
the present invention; 

FIG. 3A-3C schematically illustrate the PDP at successive manufacturing steps; and 

FIG. 4 is a graph showing the relation between deteriorating of a transparent electrically 
conductive film formed of ITO and the dielectric materials. 

DESCRIPTION OF THE NOTATIONS 

1 PDP (Plasma Display Panel); 

1 0 electrode substrate; 
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1 1 first glass substrate; 
17 dielectric layer; 
1 7A lower layer; 
17a electrode terminal protecting layer; 
17B upper layer; 
21 second glass substrate; 
30 discharge space; 

41 transparent electrically conductive film; 
41a end (end of display electrode); 

42 metal film; 

171 glass layer containing ZnO; and 
X & Y display electrodes. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Structures of the PDPs according to the present invention are not essentially different from the 
prior art PDP shown in FIG. 1, except for the below-described dielectric materials and the 
fabrication conditions related thereto. These are hereinafter described with reference to a 
cross-sectional view shown in FIG. 2. 

PDP 1 according to the present invention is a surface-discharge type PDP of a three-electrode 
structure, where a pair of display electrodes X & Y and address electrode A correspond to a unit 
lighting area of the matrix display. 

Display electrodes X & Y are provided on a first glass substrate 1 1 placed at a front side, and 
are insulated from a discharge space 30 by an insulating film 17 for an AC drive. Thickness of 
insulating film 17 is about 20 to 30 .mu.m. Upon surface of insulating film 17 is provided an MgO 
film 18 of about several thousand .ANG. thickness, as a protection film. 

Display electrodes X & Y are formed of a wide belt-like transparent electrically conductive film 
41 and a narrow bus metal film 42 stacked on its outer edge in order to supplement the 
electrical conductivity. Transparent electrically conductive film 41 is formed of an ITO film 
(indium oxide film) of about several thousands .ANG. — 1 .mu.m thickness; and bus metal film 42 
is formed of a thin film of a three layer structure Cr/Cu/Cr, for example. 

Upon a second glass substrate 21 to be placed at the back side are arranged address electrodes 
A for selectively lighting the unit lighting area so as to cross display electrodes X & Y. 
Fluorescent material 28 emitting a predetermined color, that is, the three primary colors RGB, is 
provided to cover the inner surface of the back panel including the upper surface of address 
electrodes A. 

Dielectric layer 17 of the present invention is formed of a lower layer 17A contacting transparent 
electrically conductive film 41 and bus metal film 42, and an upper layer 17B stacked on lower 
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layer 17A. Lower layer 17A is formed of a glass material containing ZnO and having a softening 
temperature 550-600.degree. C; and upper layer 17B is formed of a glass material having a 
softening temperature 450-500.degree. C. ( which is lower than that of lower layer 17A, including 
PbO. The thicknesses of lower layer 17A and upper layer 17B are of the same order. The 
softening temperature is defined as a temperature at which the viscosity of the glass material 
becomes 4.5.times.106.5 poise. 

Hereinafter is described a fabrication method of a PDP 1 of the present invention, mainly about 
the formation steps of dielectric layer 17. FIGS. 3(A) to 3(C) schematically illustrate 
manufacturing steps of the PDP 1 . At first is described the outlines of the steps. PDP 1 is 
fabricated in accordance with sequential steps such that each glass substrate 11 & 1 2 is 
provided with predetermined structural elements, respectively, so as to make a front half panel 
10 and a back half panel 20; next, the front and back half panels 10 & 20 are stacked with each 
other so as to be sealed; and next, internal gas is exhausted; and a discharge gas is filled 
thereinto. 

Hereinafter described is a fabrication method of first glass substrate 11. First glass substrate 11 
is an about 3 mm thick soda-lime glass plate coated with silicon dioxide film (SiO.sub.2) on one 
of its surfaces. Upon the SiO.sub.2 -coated surface are formed display electrodes X & Y by 
sequentially forming transparent electrically conductive film 41 and metal bus electrode by film- 
formation using a vapor deposition or sputtering method, and patterning with a lithography 
method. Next, upon the surface of first glass substrate 1 1 is uniformly coated, so as to cover the 
entire length of the display electrodes X & Y by means of a screen printing method, a glass paste 
having mainly a glass material containing ZnO but substantially PbO, for example, the glass 
material (softening temperature 585.degree. C.) having the contents shown in FIG. 1 or the glass 
material (softening temperature 580.degree. C.) having the contents shown in FIG. 2. 

TABLE 1 



CONTENTS OF LOWER LAYER GLASS MATERIAL 
(CONTAINING ZnO) 



ZnO: 30-40 


Wt % 


B.sub.2 0.sub.3 : 10-20 


Wt % 


SiO.sub.2 : -5 


Wt % 


Bi .sub. 2 0.sub.3 : 




20-30 


Wt % 


Softening Temp: 




585. degree. 


C. 


TABLE 2 


CONTENTS OF LOWER LAYER GLASS MATERIAL 


(CONTAINING ZnO) 




ZnO: 30-40 


Wt % 


B.sub.2 0.sub.3 : 15-25 


wt % 


SiO.sub.2 : -8 


wt % 


Bi .sub. 2 0.sub.3 : 




20-30 


wt % 


CaO 7-17 


wt % 


Na.sub.2 0 0 


wt % 


Softening Temp. 




580. degree. 


c. 



Next, the dried paste layer is fired at a temperature, for example 550-530.degree. C, near its 
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softening temperature so as to form lower layer 17A and an electrode terminal protecting layer 
17a while foaming is prevented therein. In order to prevent deformation of glass substrate 1 1, it 
is preferable that the firing temperature is lower than 590.degree. C. as described above. 
Accordingly, the softening temperature of the upper layer 1 7B is set adequately lower than 
590.degree. C. 

The portion, for indirectly facing the discharge space, of thus fired glass layer 171 containing 
ZnO is the lower layer 17A; and a portion for covering the ends of the display electrodes is 
called the electrode terminal protecting layer 1 7a. Electrode terminal protecting layer 1 7a also 
plays a role to protect oxidization of display electrodes X & Y caused from the reaction with 
moisture during the subsequent heat treatments. 

In the case where the firing temperature of lower layer 17A is lower than in the vicinity of its 
softening temperature, even if a chemical reaction is generated to accompany a foaming caused 
from the contact of the glass material to the copper in bus metal film 42, no bubble so large as 
to cause insulation breakdown is generated because the foam does not grow. However, if the 
firing temperature of lower layer 1 7A is low, the surface plane (upper surface) becomes uneven 
(a rugged surface having surface roughness 5-6 .mu.m) reflecting the glass grain size. The rugged 
surface deteriorates the transparency resulting from the scattering of the light. 

Therefore, upper layer 17B is formed upon lower layer 17A in order to flatten the dielectric layer 
1 7. As the upper layer 1 7B there is coated a paste material having its softening temperature 
lower than the material of lower layer 17A, i.e. a paste whose main component is a glass material 
containing PbO (softening temperature 475.degree. C), for example, of the component shown in 
TABLE 3. At this time the area to be coated excludes the above of the ends (to become the 
terminals) of display electrodes X & Y. This is from a consideration to facilitate afterwards the 
fabrication steps to expose the ends of display electrodes X & Y. These steps will be described 
later again. 

TABLE 3 

conte^s~6f^pperTayer"glas 

(CONTAINING PbO) 

PbO? 7(Pr5 W% 

B.sub.2 O.sub.3 : -20 Wt % 
SiO.sub.2 : 10-20 Wt X 

Softening Temp. 

475. degree. C. 



Next, the dried paste layer is fired at a temperature higher than its softening temperature but 
lower than the firing temperature of lower layer 17A, (for example, 530.degree. C.) so as to form 
upper layer 17B [FIG. 3(A)]. Due to the firing temperature being higher than the softening 
temperature of upper layer 17B, the glass material of upper layer 17B flows during the firing 
operation so as to form a flat upper layer 17B whose surface roughness is about 1-2 .mu.m (that 
is the dielectric layer 1 7 formed of the two layers together). 

Moreover, owing to the firing temperature of upper layer 1 7B being lower than the firing 
temperature of the lower layer 17A, the foaming in lower layer 17A can be prevented. Upon thus 
fabricated electrode substrate 10 is formed concurrently the layer 17a which serves as both a 
dielectric layer and an electrode terminal protecting layer, as described above; therefore, the 
simple layer structure allows excellent yield; moreover, the process to expose the electrode 
terminals is easy as will be described later, and is suitable in fabricating PDP 1. 
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For the glass material including ZnO, it is comparatively difficult to lower the softening 
temperature; therefore, the softening temperature is lowered by adding Bi.sub.2 O.sub.3 thereto. 
The softening temperature can be lowered by adding alkaline metal oxides such as represented 
by Na.sub.2 O as shown in FIG. 4. Softening temperature of the glass material having the 
contents shown in TABLE 4 is 550.degree. C. 

TABLE 4 



CONTENTS OF LOWER LAYER GLASS MATERIAL 
(CONTAINING ZnO) 



ZnO: 30-40 


Wt % 


B.sub.2 O.sub.3 : 15-25 


Wt % 


SiO.sub.2 -11 


Wt % 


Bi .sub. 2 O.sub.3 : 




20-30 


Wt % 


CaO: -4 


Wt % 


Na.sub.2 0: -5 


Wt % 


Softening Temp. 




550. degree. 


C. 



After lower layer 17A and upper layer 17B are sequentially formed so as to provide dielectric 
layer 17 as described above, a protection layer 18 is formed by electron beam sputtering, etc. of 
MgO, as is well-known, so as to complete the fabrication of the front glass substrate. 

Next, a back electrode substrate 20, fabricated otherwise, and front electrode substrate 10 are 
stacked to face each other so that they are sealed together by fusing sealing-glass 31 which 
acts also as an adhesive [FIG. 3(B)]. In practice, the sealing glass 31 is provided in a frame shape 
by means of screen printing on one or both of the electrode substrates before they are stacked; 
then, they are stacked and fuse-sealed. At this time, the fusing temperature is set at such a 
temperature that does not deform separator walls 29, for example above 450.degree. C. During 
this fusing of sealing glass 31, electrode terminal protection layer 17a prevents the ends of 
display electrodes from the oxidization. 

Next, electrode terminal protection layer 17a, exposed outside the panel, is removed by a 
chemical etching employing, for example, nitric acid so as to expose the ends 41a of display 
electrodes X & Y [FIG. 3(C)]. At this time, the ends of display electrodes X & Y, being formed of 
a single layer of metal film 42 only, are not etched by the nitric acid solution when exposed. If a 
discharging is to be performed during exhausting the inside of the panel, the etching of electrode 
terminal protection layer is performed before the exhausting step. After the PDP is completed, 
this exposed portion is connected via an isotropic electrically-conductive film and a flexible 
cable to an external driving circuit. 

FIG. 4 is a graph presenting a relation between the deterioration of ITO film and the dielectric 
material. That is, there were prepared a sample in which display electrodes X & Y are covered 
with the glass material containing ZnO having the contents of TABLE 1, and another sample 
coated with the prior art glass material containing PbO having the contents of TABLE 5. 
Softening temperatures of both the samples were chosen almost equal. Lengths of tree-like 
spikes were measured by a microscopic observation, while accelerated life tests were performed 
on these samples, as applied with DC voltages of the driving pulses multiplied by an acceleration 
factor of the driving pulses, i.e. 100V.times.acceleration factor, for a predetermined period (for 
example, 100 hr), at an environmental temperature 90.degree. C. The results are shown in FIG. 3. 



http://1 64.1 95.1 00.1 1 /netacgi/nph-Parser?Sect1 =PT02&Sect2=HITOFF&u=/neta... 2001 /07/05 



* United States Patent: 5,aZ7,708 1 0/1 1 



The lengths of the tree-like spikes are normalized by the length at three-times acceleration of 
the glass material containing PbO. 

TABLE 5 



CONTENTS OF GLASS MATERIAL CONTAINING PbO 

PbO" ~ whs W% 

B.sub.2 0.sub.3 : 5-10 Wt % 

SiO.sub.2 : 20-30 Wt % 

Softening Temp. 

575. degree. C. 



As apparent from FIG. 4, when the dielectric material contacting the 1TO film (transparent 
conductive film) is formed of a glass material containing ZnO, none of the tree-like spikes were 
observed at a 1.5-2.0 time acceleration test; on the other hand, at 2.5-3.0 time acceleration 
tests the tree-like spikes were observed, however, the lengths of the spikes were much shorter 
than the case where the glass containing PbO was employed. 

In the case where display electrodes X & Y were formed of NESA (SnO.sub.2) in place of ITO, 
similar results were obtained as well. That is, in the PDP having display electrodes X & Y formed 
of NESA, it also was confirmed that the glass material containing ZnO is suitable for the 
dielectric material. 

In the above described preferred embodiment, owing to the employment of glass material having 
softening temperature lower than the softening temperature of lower layer 17A for the upper 
layer 1 7B, even if gas is generated in lower layer 1 7A during firing of upper layer 1 7B, the gas 
diffuses through upper layer to outside so that no gas is confined by upper layer 1 7B. Moreover, 
when a glass material whose softening speed is faster than that of the lower layer 1 7B the is 
employed for the material of upper layer 17B, upper layer 17A can be kept soft compared with 
lower layer 17B during firing of upper layer 17B; accordingly, the gas can be prevented in the 
same way from being confined by upper layer 17B. 

In the above-described preferred embodiments, the material of each glass substrate 17A & 17B; 
the ratio of the respective thickness; the firing condition (temperature profile), etc. can be 
appropriately modified according to the glass substrate material; the coating material on the 
substrate surface; the material of transparent electrically conductive film 41 and the bus metal 
film material so that a uniform dielectric layer 17 having a flat upper surface can be 
accomplished. 

Though in the above preferred embodiment there was typically referred to a case where a PbO- 
containing glass was employed for the upper layer, upper layer 17B also can be formed of a 
ZnO-containing glass. 

Moreover, though in the above preferred embodiment there was typically referred to a dielectric 
layer 1 7 of double-layer structure, it is not necessarily a double-layer structure. That is, it is 
possible for the dielectric layer 1 7 to be provided with at a single-layer glass layer formed of a 
ZnO-containing glass. In this case, the materials and the condition are chosen by the balance of 
the disadvantages, such as the remaining of the foam in the glass material and the surface 
flatness, and the advantage that the process is simple. Selective employment of fine grain glass 
powder can contribute to improvement of the surface flatness. 
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Though in the above preferred embodiment there was typically referred to a case where the 
display electrode is formed of a transparent electrically conductive film and a metal film provided 
thereon it is needless to say that the present invention can be embodied in the case of the 
transparent electrically conductive film only having no metal film. 

When the ZnO-containing glass is employed for the dielectric layer which contacts the 
transparent electrically conductive layer according to the present invention, the deterioration of 
the electrical resistance between display electrodes caused from electro-migration hardly takes 
place even during a long term operation of the PDP. 

The dielectric layer, of double layers such that the upper layer having its softening temperature 
is lower than that of the lower layer, allows only the upper layer to flow fluidly in forming the 
dielectric layer, and the chemical reaction of the lower layer with the display electrodes is 
controlled; therefore, there can be accomplished a dielectric layer having no large bubble, a flat 
surface and good transparency. 

Moreover, chemical etching of the material of the ZnO-containing glass is easy; therefore, it can 
be employed as a coating layer, i.e. electrode terminal protecting layer, to protect, i.e. protection 
from oxidization, the electrode ends which are to become external connection terminals of the 
display electrodes during the fabrication steps of the PDP. That is, the employment of the ZnO- 
containing glass allows concurrent formation of the dielectric layer and the electrode terminal 
protection layer, so as to reduce the number of fabrication steps. 

* * * * * 
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(54) PLASMA DISPLAY PANEL AND ITS MANUFACTURE 



(57) It is an object of the present invention to pre- 
vent deterioration of a transparent electrically-conduc- 
tive film which forms display electrodes, so as to 
enhance the reliability of display electrodes. 

In an AC type plasma display panel including a plu- 
rality of display electrodes X & Y formed of a transparent 
electrically-conductive film or a multiple layer of a trans- 
parent electrically-conductive film plus a metal film a 
width of which is narrower therethan, and a dielectric 
layer to cover the display electrodes from the discharge 
space, the dielectric layer is formed by the use of a ZnO- 
containing glass material containing substantially none 
of lead. 

Moreover, the display electrodes are protected by 
coating the dielectric layer so far as the ends of display 
electrodes; and the coating is removed afterwards by 
etching, etc.. 
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Description 

Field of the Invention 

The present invention relates to an AC type sur- 
face-discharge plasma display panel, referred to herein- 
after as a PDP, and its driving method. 

Background Technology 

PDPs are self-luminescent type display devices 
advantageous in the display brightness, and have been 
attracting attention as a display device for replacing 
CRTs, owing to their potentiality of large screen size 
and their high-speed displaying capability. Particularly, 
surface-discharge type PDPs suitable for color displays 
employing fluorescent materials have been rapidly 
increasing their application areas in the field of televi- 
sion picture including the high definition television. 

Fig. 1 shows a decomposition perspective view of a 
general surface-discharge type PDP, where is shown a 
basic structure of a part which corresponds to a single 
picture element EG. The PDP shown in Fig. 1 is of a 
three-electrode structure called a reflection type in the 
classification of fluorescent materials arrangement, 
where are a pair of glass substrates 11 & 12; pairs of 
display electrodes X & Y provided thereon extending in 
the lateral direction in parallel adjacently to each other; 
a dielectric layer 17 for an AC drive which utilizes wall 
charges for a discharge; a protection film 18 formed of 
magnesium oxide (MgO); address electrodes A orthog- 
onal to display electrodes X & Y; separator walls 29 
which are like lines in parallel to address electrodes A 
when looked down; and fluorescent material layers 28 
to display primary colors, red (R), green (G) and blue 
(B), respectively. 

Separator walls 29 divide an internal discharge 
space 30 into unit lighting -areas EU in the extending 
direction of display electrodes X & Y, and define the gap 
dimension. Fluorescent material layers 28 are provided 
between each separator wall on a glass substrate 21 
opposite from display electrodes X & Y in order to avoid 
ion bombardment of the surface discharge, and emit a 
light by being excited by an ultra violet light generated in 
the surface discharge. A light emitted at the surface 
plane (a surface which faces the discharge space) pen- 
etrates dielectric layer 17 and glass substrate 1 1 , etc. so 
as to radiate outwards. 

Display electrodes X & Y being arranged on a dis- 
play surface H which opposes fluorescent material lay- 
ers 28 are formed of a wide and transparent electrode 
41 and a narrow metal film (a bus electrode) 42 for sup- 
plementing the electrical conductivity, in order to per- 
form the surface discharge in a wide area and to 
minimize the light shielding. Transparent electrode 41 is 
formed of metal oxide, such as ITO (indium oxide) and 
NESA (tin oxide). A typical example of this kind of AC 
type surface discharge PDP was disclosed on Euro- 
pean Patent Application No. 0 554 1 72A1 . 



For thus constituted PDP. its smoother surface 
plane is desirable in securing a uniform discharge char- 
acteristics and the transparency. 

Accordingly, dielectric layer 17 is generally formed 
5 of a single glass layer such that a low-melting tempera- 
ture lead-glass (containing about 75% of PbO) having a 
melting temperature of, for example about 470° C, is 
fired at a temperature 600° C adequately higher than its 
softening temperature. The high temperature firing at 
10 the temperature adequately higher than its softening 
temperature allows the glass material to flow during the 
firing so as to accomplish a glass layer having a flat sur- 
face. 

tn driving PDPs. the equality of the electric potential 

is status between display electrodes X & Y is deteriorated 
when the pulse widths of the driving pulses applied to 
the display electrodes X & Y in pair are subtly imbal- 
anced or when such a sequence is constantly employed 
that the number of the pulses applied to one of display 

20 electrodes is more than those to the other one. That is, 
a DC voltage of. for example, about 200 V of the same 
polarity comes to be applied thereto for a considerable 
period. On the other hand, the gap between display 
electrodes X & Y is as small as 100 urn. And. the dielec- 

25 trie layer 1 7 to insulate them contains PbO as described 
above. It is estimated that the surface of dielectric layer 
17 upon whose surface a discharge takes place 
becomes considerably high temperature. Really, the 
glass surface reaches 70° C. Moreover, indium and tin 

30 included in the transparent electrodes are chemically 
unstable, and also the copper of the metal electrodes 
are materials which easily penetrates into dielectric 
layer 1 7 so as to cause electro-migration. Combination 
of the electrode material, insulating material, the 

35 applied high electric field and the high temperature sat- 
isfies the condition to accelerate the electro-migration. 

A long term operation under such a condition of the 
prior art structure progresses the electro-migration of 
display electrodes X & Y so that a tree-like spike is 

40 grown in dielectric layer 17 from transparent electrode 
film 41 of one of the display electrodes to transparent 
electrode film 41 of the other one of the display elec- 
trodes. Therefore, there was a problem in that the insu- 
lation resistance was locally decreased, whereby a unit 
as lighting area EU that should not light erroneously lights. 
It is impossible to completely remove the imbalance of 
the applied voltages which is the cause of the electro- 
migration. 

so Disclosure of the Invention 

The present invention is in consideration of such 
problems, and aims at a prevention of deterioration of 
the electrically conductive films constituting cfisplay 
55 electrodes X & Y so as to enhance the reliability of the 
display. 

In accomplishing the present invention the present 
inventors have searched for dielectric materials suitable 
to cover the above-described electrically conductive 



3 



EP 0 788 131 A1 



4 



films. Consequently, it was found that an employment of 
a glass material containing ZnO allows a great reduc- 
tion of the deterioration of electrically conductive films 
caused from the electro-migration. 

The PDP according to the present invention is an 5 
AC-type plasma display panel comprising: a plurality of 
display electrodes formed of a transparent electrically 
conductive film or a multiple- layer of a transparent elec- 
trically conductive film plus a metal film narrower than 
the transparent electrically conductive film at least upon io 
one of the substrates; and a dielectric layer covering the 
above-described display electrodes from a discharge 
space, wherein the above-described dielectric layer is 
formed of a ZnO-containing glass material containing 
substantially none of lead. is 

Moreover, after the dielectric layer employing the 
ZnO-containing glass material is coated over whole dis- 
play electrodes and a sealing process is completed, the 
dielectric layer that covers the ends of the display elec- 
trodes are removed. 20 

Brief Description of Drawings 

Fig. 1 is a decomposition perspective view of a gen- 
eral surface-discharge type PDP; 25 
Fig. 2 is a cross-sectional view illustrating main por- 
tion of the structure of a PDP related to the present 
invention; 

Figs. 3 schematically illustrate the PDP at the man- 
ufacturing steps; and 30 
Fig. 4 is a graph showing the relation between dete- 
rioration of a transparent electrically conductive film 
formed or ITO and the dielectric materials. 

Description of the Notations: 35 



1 


PDP (Plasma Display Panel); 


10 


electrode substrate; 


11 


first glass substrate; 


17 


dielectric layer; 


17A 


lower layer; 


17a 


electrode terminal protecting layer; 


17B 


upper layer; 


21 


second glass substrate; 


30 


discharge space; 


41 


transparent electrically conductive film; 


41a 


end (end of display electrode); 


42 


metal film; 


171 


glass layer containing ZnO; and 


X&Y 


display electrodes. 



Best Modes for Embodying the Present Invention 



Structures of the POPs according to the present 
invention are not essentially different from the prior art 55 
PDP shown in Fig. 1 except for below-described dielec- 
tric materials and the fabrication conditions related 
thereto. These are hereinafter described with reference 
to a cross-sectional view shown in Fig. 2. 



PDP 1 according to the present invention is a sur- 
face-discharge type PDP of three-electrode structure, 
where a pair of display electrodes X & Y and address 
electrode A correspond to a unit lighting area of the 
matrix display 

Display electrodes X & Y are provided on a first 
glass substrate 1 1 placed at a front side, and are insu- 
lated from a discharge space 30 by an insulating film 17 
for an AC drive. Thickness of insulating film 17 is about 
20 to 30 urn. Upon surface of insulation film 17 is pro- 
vided an about several thousand A thick MgO film 18 as 
a protection film. 

Display electrodes X & Y are formed of a wide belt- 
like transparent electrically conductive film 41 and a 
narrow bus metal film 42 stacked on its outer edge in 
order to supplement the electrical conductivity. Trans- 
parent electrically conductive film 41 is formed of an ITO 
film (indium oxide film) of about several thousands A - 
1 um thickness; and bus metal film 42 is formed of a thin 
film of a three layer structure of Cr/Cu/Cr, for example. 

Upon a second glass substrate 21 to be placed at 
the back side are arranged address electrodes A for 
selectively lighting the unit lighting area so as to cross 
display electrodes X & Y Fluorescent material 28 to 
emit a predetermined color, that is three primary colors 
RGB, is provided to cover the inner surface of the back 
panel including the upper surface of address electrodes 
A. 

Dielectric layer 1 7 of the present invention is formed 
of a lower layer 17A to contact transparent electrically 
conductive film 41 and bus metal film 42, and an upper 
layer 17B stacked on lower layer 17A. Lower layer 17A 
is formed of a gtass material containing ZnO and having 
a softening temperature 550 - 600° C; and upper layer 
17B is formed of a glass material having a softening 
temperature 450 -500° C, which is lower than that of 
lower layer 17A. including PbO. The thicknesses of 
lower layer 17A and upper layer 17B are of the same 
order. The softening temperature is defined as a tem- 
perature at which the viscosity of the glass material 
becomes 4.5 x 106.5 poise. 

Hereinafter is described a fabrication method of a 
PDP 1 of the present invention, mainly about the forma- 
tion steps of dielectric layer 17. Figs. 3(A) to 3(C) sche- 
matically illustrate manufacturing steps of the PDP. At 
first is described the outline of the steps. PDP 1 is fabri- 
cated in accordance with sequential steps such that 
each glass substrate 11 & 12 is provided with predeter- 
mined structural elements, respectively, so as to make a 
front electrode substrate (a half panel) 10 and a back 
electrode substrate 20; next, electrode substrates 10 & 
20 are stacked with each other so as to be sealed; and 
next, internal gas is exhausted; and a discharge gas is 
filled thereinto. 

Hereinafter described is a fabrication method of first 
glass substrate 1 1 . First glass substrate 1 1 is an about 
3 mm thick soda-lime glass plate coated with silicon 
dioxide film (SiOa) on one of its surfaces! Upon the 
Si0 2 -coated surface are formed display electrodes X & 
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Y by sequentially forming transparent electrically con- 
ductive film 41 and metal bus electrode by film-forma- 
tion using a vapor deposition or sputtering method, and 
patterning with a lithography method. Next, upon the 
surface of first glass substrate 1 1 is uniformly coated, so 
as to cover entire length of display electrodes X & Y by 
means of screen printing method, a glass paste having 
mainly a glass material containing ZnO but substantially 
none of PbO, for example, the glass material (softening 
temperature 585° C) having the contents shown in Fig. 
1 or the glass material (softening temperature 580° C) 
having the contents shown in Fig. 2. 



TABLE 1 



CONTENTS OF LOWER LAYER 
GLASS MATERIAL (CONTAINING 
ZnO) 


ZnO 


30 - 40 Wt% 


B 2 0 3 


10- 20 Wt% 


Si0 2 


-- 5 Wt % 


Bt 2 0 3 


20 -- 30 Wt % 


Softening Temp. 


585 °C 



TABLE 2 



CONTENTS OF LOWER LAYER 
GLASS MATERIAL (CONTAINING 
ZnO) 


ZnO 


30 - 40 Wt % 


B 2 0 3 


15- 25Wt% 


Si0 2 


-8Wt% 


Bi 2 0 3 


20 - 30 Wt % 


CaO 


7- 17Wt% 


Na 2 0 


0 Wt% 


Softening Temp. 


580 °C 



the display electrodes is called the electrode terminal 
protecting layer 17a. Electrode terminal protecting layer 
17a also plays a role to protect oxidization of display 
electrodes X & Y caused from the reaction with moisture 

5 during the subsequent heat treatments. 

In the case where the firing temperature of lower 
layer 17A is lower than the vicinity of its softening tem- 
perature, even rf a chemical reaction is generated to 
accompany a foaming caused from the contact of the 

10 glass material to the copper in bus metal film 42, no 
bubble so large as to cause insulation breakdown is 
generated because the foam does not grow. However, if 
the firing temperature of lower layer 17A is low. the sur- 
face plane (upper surface) becomes uneven (a rugged 

is surface having surface roughness 5-6 um) reflecting 
the glass grain size. The rugged surface deteriorates 
the transparency resulted from the scattering of the 
light. 

Therefore, upper layer 17B is formed upon lower 
20 layer 17A in order to flatten dielectric layer 17. As the 
upper layer 1 7B there is coated a paste material having 
its softening temperature lower than the material of 
lower layer 17A, i.e. a paste whose main component is 
a glass material containing PbO (softening temperature 
25 475° C). for example, of the component shown in 
TABLE 3. At this time the area to be coated excludes the 
above of the ends (to become the terminals) of display 
electrodes X & Y. This is from a consideration to facili- 
tate afterwards the fabrication steps to expose the ends 
30 of display electrodes X & Y. These steps will be 
described later again. 



TABLE 3 



35 


CONTENTS OF UPPER LAYER 
GLASS MATERIAL (CONTAINING 
PbO) 




PbO 


70 75 Wt % 


40 


B2O3 


-- 20 Wt% 




Si0 2 


10- 20 Wt% 




Softening Temp. 


475 °C 



45 



Next the dried paste layer is fired at a temperature, 
for example 550 - 530* C, near its softening tempera- 
ture so as to form lower layer 17A and an electrode ter- so 
minal protecting layer 17a while foaming is prevented 
therein. In order to prevent deformation of glass sub- 
strate 11 it is preferable that the firing temperature is 
lower than 590* C as described above. Accordingly, the 
softening temperature of the upper layer 1 7B is set ade- ss 
quately lower than 590° C. 

The portion, for indirectly facing the discharge . 
space, of this fired glass layer 171 containing ZnO is the 
lower layer 17A; and a portion for covering the ends of 



Next, the dried paste layer is fired at a temperature 
higher than its softening temperature but lower than the 
firing temperature of lower layer 1 7A, (for example. 530° 
C) so as to form upper layer 17B [Fig. 3(A)]. Due to the 
firing temperature higher than the softening tempera- 
ture of upper layer 17B, the glass material of upper layer 
17B flows during the firing operation so as to form a flat 
upper layer 17B whose surface roughness is about 1 
2 um (that is the cfielectric layer 1 7 formed of the two lay- 
ers together). 

Moreover, owing to the firing temperature of upper 
layer 17B lower than the firing temperature of lower 
layer 17A, the foaming in lower layer 17A can be pre- 
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vented. Upon thus fabricated electrode substrate 10 is 
formed concurrently the layer 17a which serves as both 
a dielectric layer and an electrode terminal protecting 
layer, as described above; therefore, the simple layer 
structure allows excellent yield; moreover, the process 
to expose the electrode terminals is easy as will be 
described later, and is suitable in fabricating PDP 1 . 

For the glass material including ZnO, it is compara- 
tively difficult to lower the softening temperature; there- 
fore, the softening temperature is lowered by adding 
Bi 2 0 3 thereto. The softening temperature can be low- 
ered by adding alkaline metal oxides such as repre- 
sented by Na 2 0 as shown in Fig. 4. Softening 
temperature of the glass material having the contents 
shown in TABLE 4 is 550° C. 



TABLE 4 



CONTENTS OF LOWER LAYER 
GLASS MATERIAL (CONTAINING 
ZnO) 


ZnO 


30 -- 40 Wt % 


B 2 0 3 


15- 25 Wt% 


Si0 2 


- 11 Wt% 


Bi 2 0 3 


20 -- 30 Wt % 


CaO 


» 4 Wt % 


Na z O 


- 5 Wt % 


Softening Temp. 


550 °C 



After lower layer 17A and upper layer 17B are 
sequentially formed so as to provide dielectric layer 17 
as described above, a protection layer 18 is formed by 
electron beam sputtering, etc. of MgO as well-known so 
as to complete the fabrication of the front glass sub- 
strate. 

Neat, a back electrode substrate 20 fabricated oth- 
erwise and front electrode substrate 10 are stacked to 
face each other so that they are sealed together by fus- 
ing sealing-glass 31 which acts also as an adhesive 
[Fig. 3(B)]. In practice, the sealing glass 31 is provided 
in a frame shape by means of screen print on one or 
both of the electrode substrates before they are 
stacked; then, they are stacked and fuse-sealed. At this 
time, the fusing temperature is set at such a tempera- 
ture that does not deform separator walls 29 t for exam- 
ple about 450 C. During this fusing of sealing glass 31 
electrode terminal protection layer 17a prevents the 
ends of display electrodes from the oxidization. 

Next, electrode terminal protection layer 17a 
exposed outside the panel is removed by a chemical 
etching employing, for example, nitric acid so as to 
expose the ends 41a of display electrodes X & Y [Fig. 
3(C)]. At this time, the ends of display electrodes X & Y 
being formed of a single layer of metal film 42 only are 



not etched by the nitric acid solution when exposed. If a 
discharging is to be performed during exhausting the 
inside of the panel, the etching of electrode terminal 
protection layer is performed before the exhausting 

5 step. After the PDP is completed, this exposed portion 
is connected via an isotropic electrically-conductive film 
and a flexible cable to an external driving circuit. 

Fig. 4 is a graph to present a relation between the 
deterioration of ITO film and the dielectric material. That 

to is, there were prepared a sample in which display elec- 
trodes X & Y are covered with the glass material con- 
taining ZnO having the contents of TABLE 1, and 
another sample coated with the prior art glass material 
containing PbO having the contents of TABLE 5. Soften- 

is ing temperatures of both the samples were chosen 
almost equal. Lengths of tree-like spikes were meas- 
ured by a microscopic observation, while accelerated 
life tests were performed on these samples applied with 
DC voltages of the driving pulses multiplied by an accel- 

20 eration factor of the driving pulses, i.e. 1 00V x accelera- 
tion factor, for a predetermined period (for example. 
100hr), at an environmental temperature 90° C. The 
results are shown in Fig. 3. The lengths of the tree-like 
spikes are normalized by the length at three-times 

25 acceleration of the glass material containing PbO. 



TABLE 5 



CONTENTS OF GLASS MATE- 


RIAL CONTAINING PbO 


PbO 


60 -- 65 Wt% 


B 2 0 3 


5- 10Wt% 


Si0 2 


20 -30 Wt% 


Softening Temp. 


575° C 



40 As apparent from Fig. 4, when the dielectric mate- 
rial contacting the ITO film (transparent conductive film) 
is formed of a glass material containing ZnO, none of 
the tree-like spikes were observed at a 1.5 - 2.0 time 
acceleration test; on the other hand, at 2.5 - 3.0 time 

45 acceleration tests the tree-like spikes were observed, 
however, the lengths of the spikes were much shorter 
than the case where the glass containing PbO was 
employed. 

In the case where display electrodes X & Y were 
so formed of NESA (Sn0 2 ) in plate of ITO. the similar 
results were obtained as well. That is. in the PDP having 
display electrodes X & Y formed of NESA as well it was 
confirmed that the glass material containing ZnO is suit- 
able for the dielectric material. 
55 In the above described preferred embodiment, 
owing to the employment of glass material having sof- 
tening temperature lower than the softening tempera- 
ture of lower layer 17A for the upper layer 17B, even if 
gas is generated in lower layer 17A during firing of 
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upper layer 1 7B. the gas diffuses through upper layer to 
outside so that no gas is confined by upper layer 17B. 
Moreover, when a glass material whose softening 
speed is faster than that of lower layer 1 7B is employed 
for the material of upper layer 17B, upper layer 17A can 
be kept soft compared with lower layer 17B during firing 
of upper layer 17B; accordingly, the gas can be pre- 
vented in the same way from being confined by upper 
layer 17B. 

In the above-described preferred embodiments, the 
material of each glass substrate 1 7A & 1 7B; the ratio of 
the respective thickness; the firing condition (tempera- 
ture profile), etc. can be appropriately modified accord- 
ing to the glass substrate material; the coating material 
on the substrate surface; the material of transparent 
electrically conductive film 41 and the bus metal film 
material so that uniform dielectric layer 17 having a flat 
upper surface can be accomplished. 

Though in the above preferred embodiment there 
was typically referred to a case where a PbO-containing 
glass was employed for the upper layer, upper layer 17B 
also can be formed of a ZnO-containing glass. 

Moreover, though in the above preferred embodi- 
ment there was typically referred to a dielectric layer 17 
of double-layer structure, it is not necessarily a double- 
layer structure. That is, it is possible for the dielectric 
layer 17 to be provided with a single-layer glass layer 
formed of a ZnO-containing glass. In this case, the 
materials and the condition are chosen by the balance 
of the disadvantages, such as the remaining of the foam 
in the glass material and the surface flatness, and the 
advantage that the process is simple. Selective employ- 
ment of fine grain glass powder can contribute to 
improvement of the surface flatness. 

Though in the above preferred embodiment there 
was typically referred to a case where the display elec- 
trode is formed of a transparent electrically conductive 
film and a metal film provided thereon it is needless to 
say that the present invention can be embodied in the 
case of the transparent electrically conductive film only 
having no metal film. 

When the ZnO-containing glass is employed for the 
dielectric layer which contacts the transparent electri- 
cally conductive layer according to the present inven- 
tion, the deterioration of the electrical resistance 
between display electrodes caused from electro-migra- 
tion hardly takes place even during a long term opera- 
tion of the PDP. 

The dielectric layer of double layers such that the 
upper layer having its softening temperature lower than 
that of the lower layer allows only the upper layer to flow 
fluidly in forming the dielectric layer, and the chemical 
reaction of the lower layer with the display electrodes is 
controlled; therefore, there can be accomplished a die- 
lectric layer having no large bubble, a flat surface and 
good transparency. 

Moreover, chemical etching of the material of the 
ZnO-containing glass is easy; therefore, it can be 
employed as a coating layer, i.e. electrode terminal pro- 



tecting layer, to protect i.e. protection from oxidization, 
the electrode ends which are to become external con- 
nection terminals of the display electrodes during the 
fabrication steps of the PDP. That is, the employment of 
5 the ZnO-containing glass allows concurrent formation of 
the dielectric layer and the electrode terminal protection 
layer, so as to reduce the number of the fabrication 
steps. 

w Claims 

1 . An AC type plasma display panel including, upon at 
least one of paired substrates for forming a dis- 
charge space, a plurality of display electrodes 

is formed of a transparent electrically-conductive film 
or a multiple layer formed of a transparent electri- 
cally-conductive film plus a metal film a width of 
which is narrower therethan, and a dielectric layer 
to cover the display electrodes from the discharge 

20 space, characterized in that: 

said dielectric layer is formed of a ZnO-contain- 
ing glass material containing substantially 
none of load. 

25 

2. A plasma display panel as recited in claim 1 , char- 
acterized in that said dielectric layer is formed of a 
glass material including ZnO added with an alkaline 
metal oxide. 

30 

3. A plasma display panel as recited in claim 1 or 2, 
characterized in that said ZnO-containing glass 
material includes bismuth oxide. 

35 4. A method of fabricating a plasma display panel as 
recited in claims 1 to 3, characterized in that the 
method comprises: 

a step of forming said display electrodes upon 

40 said first substrate; 

a step of forming said dielectric layer so as to 
cover whole length of said display electrodes; 
a step of providing a sealant for sealing said 
first substrate and another second substrate, 

45 upon at least one of said substrates, so as to 

confine said discharge space; thereafter, heat- 
ing said sealant while said substrates being 
kept facing each other so as to melt to joint 
each other; and 

so a step of removing a portion of said dielectric 

layer, extending outward said panel beyond 
said jointing area of said substrates so as to 
expose ends of said display electrodes. 

55 5. An AC type plasma display panel including, upon at 
least one of paired substrates for forming a dis- 
charge space, a plurality of display electrodes 
formed of a transparent electrically-conductive film 
or a multiple layer formed of a transparent electri- 
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cally-conductive film plus a metal film a width of 
which is narrower therethan, and a dielectric layer 
to cover said display electrodes from said discharge 
space, characterized in that: 

said dielectric layer is a glass layer of double 
layer structure having a lower layer contacting 
said display electrodes and an upper layer not 
contacting said display electrodes; 
said lower layer is formed of a ZnO-containing 
glass material containing substantially none of 
lead: and 

said upper layer is formed of a PbO-containing 
glass material having a softening temperature 
lower than that of said lower layer. 

6. A plasma display panel as recited in claim 5, char- 
acterized in that said ZnO-containing glass material 
includes a bismuth oxide. 

7. A plasma display panel as recited in claim 5 or 6. 
characterized in that a softening temperature of 
said lower layer material is 550 to 600° C; and a sof- 
tening temperature of said upper layer material is 
450 to 500° C. 

8. A method of fabricating a plasma display panel as 
recited in claims 5 to 7, characterized in that the 
method comprises: 

a first step of forming said display electrodes 
upon said first substrate; 
a second step of forming said lower layer so as 
to cover whole length of said display elec- 
trodes; 

a third step of forming said upper layer so as to 
lie upon said lower layer; 
a fourth step of providing a sealant for sealing 
said first substrate and another second sub- 
strate, upon at least one of said substrates, so 
as to form said discharge space; thereafter, 
heating said sealant while said substrates 
being kept facing each other so as to melt to 
joint each other; and 

a fifth step of removing a portion of said lower 
layer, extending outward said panel beyond 
said jointed area of the substrates, so as to 
expose ends of said display electrodes. 

9. A method of fabricating a plasma display panel as 
recited in claim 8, characterized in that: 

in said third step, said upper layer is formed 
upon a portion other than a portion extending 
outward said panel beyond said jointed area of 
said substrates. 



is 
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after said lower layer is formed by firing said 
ZnO-containing glass material at a temperature 
near its softening temperature; 
said upper layer is formed by firing PbO-con- 
taining glass materia) at a temperature lower 
than said firing temperature of said lower layer. 

11. A method of fabricating a piasma display panel as 
recited in claims 2. 5 or 6. characterized in that: 

said ZnO-containing glass material includes a 
sodium oxide. 

12. An electrode substrate to be used for an AG type 
plasma display panel, characterized in comprising: 

a plurality of display electrodes formed of a 
multiple layers of a transparent electrically-con- 
ductive film or a transparent electrically-con- 
ductive film plus a metal film a width of which is 
narrower therethan, and 
an insulating layer covering whole length of 
said display electrodes, at least a portion con- 
tacting said transparent electrodes being 
formed of a ZnO-containing glass material con- 
taining substantially none of lead. 
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10. A method of fabricating a plasma display panel as 
recited in claims 5 to 7, characterized in that: 
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DECOMPOSITION PERSPECTIVE VIEW 
OF A GENERAL SURFACE-DISCHARGE TYPE PDP 
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CROSS-SECTIONAL VIEW ILLUSTRATING MAIN PORTION OF THE STRUCTURE 
OF A PDP RELATED TO THE PRESENT INVENTION 
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SCHEMATICAL ILLUSTRATION OF THE PDP AT MANUFACTURING STEPS 
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GRAPH SHOWING THE RELATION 
BETWEEN DETERIORATION OF ITO FILM AND THE DIELECTRIC MATERIALS 
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